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The relationship between maternal smoking and bronchial hyperresponsiveness 
as assessed by a standardized free running test was investigated in a cohort of 
1812 primary-school children in first grade. A child's exposure to maternal smok¬ 
ing during pregnancy, the first year of life, and the study year was recorded. 
Current exposure was not positively associated with bronchial hyperrespon- 
siveness. The prevalence of this disorder was higher when maternal smoking 
" ring the child’s first year of life was reported (9%) than when it was not (5.9%). 
> odds of being hyperresponsive were significantly higher in children exposed 
! maternal smoking in their first year of life (odds ratio, 2.82; 95% confidence 
fcerval, 1.25 to 6.34; p <0.01), especially in children with asthma (odds ratio, 
j.55; 95% confidence interval, 2.5 to 168.9; p <0.01). Current exposure to mater¬ 
nal smoking was associated with less hyperresponsiveness. The effect of current 
maternal smoking might reflect changes in smoking habits by mothers of chil¬ 
dren with symptoms, ^pe^eosjSxposuiejQ^obQcco^smokeicueqrtvrhfeimic 


_ j^amBSSSSXsasiS0° ur (lndin g* support the 

general hypothesis that early lung injuries have an impact on the later respira¬ 
tory health of children. (J Pediatr 1992;121:17-22) 
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It has been suggested that the natural history of chronic 
obstructive pulmonary disease has its origins in early child¬ 
hood. 1 Among the many risk factors under investigation, 
there is evidence for a possible role of respiratory infection 
in infancy, 1 -'atopy, 1 and passive smoking/" 10 liung injuries 
in early life are associated with impaired lung func¬ 
tion. 3 - 5 * 9:11 increased prevalence of bronchial Hyperrespon¬ 
siveness. 3 asthma, 1 - and lower respiratory tract symptoms 
and disease in later life. 13 

Exercise-induced bronchoconstriction is a common man¬ 
ifestation of childhood asthma. The pathogenesis mainly 
involves altered response to temperature changes in the air- 
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ways with subsequent release of mediators and smooth 
muscle contraction: 14 * 15 Bronchial hyperresponsiveness as 
assessed by exercise tests corresponds well to clinically ap¬ 
parent asthma. 16 Such tests have been used in cpidemiolbgic 
studies on the prevalence of childhood asthma. 1 18 Wc used 
a standardized free running test to measure BHR in a co¬ 


BHR 

Bronchial hyperresponsiveness 

Cl 

95% Confidence interval 

OR 

Odds ratio 
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Peak expiratory flow rate 


hort of 1812 primary-school children in southern Germany 
and determined the risk factors for BHR. 

METHODS 

Sampling and questionnaire. This report is based on 
cross-sectional data from a cohort study on, childhood! 
asthma and alltrgy currently being conducted in south- 
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western Germany. Analysis was conducted by using data 
from the initial survey in L990i The study was approved by 
the Ideal ethics committee of the University of Freiburg and 
by local school authorities. Data collection took place in 
three towns in the vicinity of Freiburg im Breisgaui 
Germany. To obtain a representative sample of the popula¬ 
tion, we invited the parents of all children entering primary 
school to participate. Written consent to perform the study 
was obtained from the parents of all participants. 

Questionnaires were distributed to children in the schools, 
to be filled out by the parents at home. Questions concerned 
parental education, housing conditions, gestational age, the 
parents' history of allergic diseases, and the child's history 
of pneumonia during the first year of life. Lifetime preva¬ 
lence of asthma was based either on a physician's diagnosis 
of asthma or on repeated diagnoses of wheezy bronchitis. 
Maternal and paternal smoking status during pregnancy, 
the child's first year of life, and the study year (1990) was 
recorded. For the same periods, the total number of packs 
of cigarettes smoked per day in the house by all family 
members was also recorded. Reproducibility of the re¬ 
sponses was determined in a separate study of 162 children 
of the same age. The questionnaire was distributed twice to 
these children's parents within 4 weeks. When the first 
questionnaire was distributed, parents were not told about 
the second questionnaire. 

Allergy skin test. A standardized skin-prick test using 
seven common allergens (birch, grass, and hazel pollen, cat 
and dog dander, and Dermaiophagoides pieronyssinus and 
farinae [ALK Laboratories, Copenhagen, Denmark]) and 
a positive (histamine. 10 mg/ml) and a negative (sodium 
chloride) control test were performed on the right forearm 
of all children. The smallest and largest diameters of every 
wheal were measured after 15 minutes and the arithmetic 
mean was calculated. Any value equal to or greater than 2 
mm was scored as positive, the value for the negative con¬ 
trol test first being subtracted from the allergen value. 
Children with at least one positive reaction to any of the al¬ 
lergens were designated as being atopic. 

Free running test. We used a standardized free running 
test to measure bronchial responsiveness. 15,16 Tests were 
performed by two observer teams, each consisting of a ph>> 
sician trained in pulmonary medicine, a nurse, and two stu¬ 
dents. Team members were unaware of questionnaire data 
and were interchanged between teams periodically. Loca- 
tions varied daily. The exercise tests were performed in 
school gymnasiums, usually between 8 am and 1 pm. Any 
aniiasihma treatment was not interrupted. Children who 
were absent were given a second appointment. The children 
underwent a short physical examination, and their weight 1 
and height were recorded. Children with a cough or crack¬ 
les on auscultation were classified as having recent lower 


respiratory tract infection. Room temperature and humid¬ 
ity were recorded. Each child was provided with a telemet¬ 
ric device to monitor heart rate. Children were exercised in 
groups of four for 6 minutes. With the use of the mini 
Wright Peak Flow Meter (Clement Clarke, Ltd., London, 
United Kingdom), five peak expiratory flow rate readings 
were recorded immediately before exercise and three read¬ 
ings at 3, 6, and 9 minutes, respectively, after the exercise 
period. The maximum value reached each time was re¬ 
corded! 

Statistical analysts. To assess the degree to which answers 
were reproducible, we calculated the proportion of agree¬ 
ment and the Cohen kappa statistic. 19 We defined BHR as 
a fall in PEFR of at least 15% from the baseline level to the 
value 3 minutes after exercise. 15 A logistic regression of 
BHR was performed. Backward elimination of potential 
confounders and interaction terms was carried out. 20 Ex¬ 
planatory variables were maternal smoking during the var¬ 
ious time periods, prematurity, and pneumonia during the 
child's first year of lift. A parental history of either asthma 
or hay fever, the child's atopic status, place of residence, in¬ 
door temperature and humidity in the gymnasium, and in¬ 
dexes of parental education! respiratory infections during 
the study year, heating and cooking, and crowding in the 
children's homes (in square meters per family member) 
were regarded as possible confounders. Because a diagnosis 
of asthma is preceded by the development of BHR. asthma 
was not specified as a predictor of BHR. but stratified anal¬ 
yses were performed for asthmatic status. All analyses were 
performed with the Statistical Analysis Systems software 
program (SAS Institute, Inc., Cary, N.C.), 

RESULTS 

Reproducibility study. Responses to the questionnaire 
administered on two occasions to 162 families not partici¬ 
pating in the study showed a high degree of reproducibility: 
The proportion of agreement and the kappa values for ma¬ 
ternal smoking during pregnancy, the child's first year of 
life, and the study year were 83%, 83%, and 87.6% (kappa: 
0 j 5K 0.59, 0.9), respectively. Questions on asthma showed 
excellent agreement (proportion of agreement: 97.7%: 
kappa: 0.9). 

Characteristics of the study population. Of the 2604 fam¬ 
ilies contacted, 1812 (69.6%) participated. Of the ques¬ 
tionnaires. 63.7% were filled out by the mother, 4.0% by the 
father, and 30.2% by both parents. In a sample of 347 non- 
responders, the main reason for nonparticipation was the 
longitudinal nature of the study, involving frequent testing 
of the children. The mean (± SD) age of the study popula¬ 
tion was 7.3 ± 0.4 years. A history of asthma (current or 
otherwise) was reported in 210 children (111 .6%). Maternal 1 
smoking was common during the child's first year ofi life 
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Table li Prevalence of BHR (PEFR decrease >15% of baseline after exercise) in relation to variables of interest, 
stratified for asthma 


No asthma (n * 

1290) 

Asthma (n - 

171) 

Whole sample (N 

- 4461) 

X 

P' 

X 

P 

X 

P 

Maternal smoking during pregnancy 






Yes 5.9 

0.82 

22.2 

0.39 

7,3 

0.68 

No 5.4 


14.5 


6.5 


Maternal smoking at age 1 yr 






Yes 7.3 

0.13 

24.2 

0.13 

9.0 

0.06 

No 4.9 


13.5 


6.0 


Maternal smoking at age 8 yr 






Yes 6.3 

0.38 

9.5 

0.21 

6.6 

0.97 

No 5.0 


17.7 


6.6 


Prematurity 






Yes 8.3 

0.27 

27.3 

0.12 

12.3 

0.02 

No 5.5 


14.3 


6.4 


Pneumonia during first year of life 






Yes 8.3 

0.55 

11.1 

0.71 

9.1 

0.59 

No 5.5 


15.7 


6.7 


Atopy (skin-prick test result positive)t 






Yes 10.0 

0.0 

31.3 

0.0 

14.8 

0.0 

No 3.7 


6.2 


3.9 


Parental ieducational level 






Low 7.1 

0.18 

21.3 

0.42 

8.5 

0.12 

Medium 5.4 


14.6 


6.7 


High 4.3 


12.3 


5.3 


Gender 






Male 4.8 

0.3 

17.4 

0.54 

6.5 

0.72 

Female 6.1 


13.9 


6.9 


Recent lower respiratory tract illness 






Yes 5.2 

0.82 

13.9 

0.73 

6.3 

0.72 

No 5.6 


16.3 


6.8 


Total 5.5 


15.8 


6.7 



‘Chi-square test. 

+Number of children with skin-prick tesi and challenge lest * 1 363 j 


(22.9%) as well as in the study year (30.2%): Of mothers 
who had smoked during their child's first year of life. 84:9% 
were still smoking during the study year. On the other hand; 
39.9% of mothers who had smoked during their child's first 
year of life had not smoked during pregnancy. During their 
first year of life, 5.9% of children were exposed to at least 
one pack per day (smoked by all family members) and 
34.0% to less than one pack per day; 60.0% were unexposed. 
Corresponding figures were 7.7%, 33.5%. and 58.8% for ex¬ 
posure during the study year. Height- and gender-adjusted 
means for resting PEFR were 245.6 L/min in children 
whose mothers smoked during the child's first year of life 
and 249.0 L/min in children whose mothers did not. This 
difference was not statistically significant. 

Permissionito perform the free running test was refused 
by 226 parents, 104 children were absent, 15 children 
refused to participate, and 6 children were unwilling to 
complete the exercise. Hence data for 1461 children (81%) 
were analyzed. A diagnosis of asthma was as prevalent 


among nonparticipating children (11.3%) as in the test 
group (11.6%). In 98.8% of the children; heart rate 
increased to more than 170 beats/min—a work load suffi¬ 
cient to elicit bronchoconstriction in sensitive subjects. 16 A 
decrease in PEFR equal to or greater than 15% was 
recorded in 98 children (6;7%). 

Association between maternal smoking and BHR. Ciga¬ 
rette smoke exposure at age 1 year was associated with a 
higher proportion of children with BHR (9.0%) than of 
children with smoke exposure during the study year (6.6%) 
(Table I)i A change in maternal smoking habits seemed to 
influence the prevalence of BHR. Cigarette smoke exposure 
that occurred exclusively during the first year was associ¬ 
ated with the highest prevalence of BH R (13.7%): Of chil¬ 
dren who continued to be exposed to cigarette smoke. 7.6% 
were hyperresponsive. Of children never exposed to smoke. 
6.3% w-cre hyperresponsive. The lowest'proportion of chil¬ 
dren with BHR was observed in. those exposed exclusively 
during the study year (4:4%). This relationship was more 
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Table II. Results of multiple logistic regression analyses, stratified for asthma (dependent variable: BHR) 


Independent variable 

No asthma 

Asthma 

Whole sample 

OR 

Cl 

OR 

Cl 

OR 

Cl 

Maternal smoking during pregnancy 

0.81 

0.3-2.19 

2.20 

0.29-16.57 

0.90 

0.39-2.07' 

Maternal smoking at age 1 yr 

1.77 

0.68-4.61 

20.56 

2.5-168.9 

2.82 

1.264.35 

Maternal smoking at age 8 yr 

0.77 

0.34-1,74 

0.05 

0.005-0,61 

0.46 

0.22-0.98 

Prematurity 

1.75 

0.71i-4.32 

1.56 

0.41^5.95 

2.09 

1.05-4.16 

Pneumonia during first year of life 

2.28 

0.5-10:48 

0.92 

0.08-10:12 

1.71 

0.48-6.12 

Atopy (skin-prick test result positive) 

2.68 

1.5-4.78 

10.37 

2.93-36.64 

4:1 1 

2.55-6.61 

High educational level 

0.42 

0.2Ik0:82 

0.39 

0.1-1.55 

0.43 

0.24-0.77 

Female gender 

1.41 

0.80-2:46 

1.44 

0.49-4.24 

1.34 

0.83-2:15 


pronounced among those with asthma. Of eight children 
with asthma who had a history of smoke exposure exclu¬ 
sively during their first year of life, four were hyperrespon- 
sive. In contrast; none of the children with asthma who were 
exposed only during the study year (n *= 16) had BHR. 

To investigate whether the observed association between 
early exposure to cigarette smoke and BHR could be 
expressed as a dbse-dependeni relationship, we calculated 
the prevalence of BHR for different categories of exposure 
as assessed bv the daily number of packs of cigarettes 
smoked in the household. For exposure during the child's 
first year, the prevalence of BHR increased from 6*5% when 
smoking was denied, to 6.8% when less than one pack was 
smoked, and to 9.6% when at least one pack was smoked. 
For subjects with asthma, corresponding figures were 
14.8%. 17%, and 25%. respectively. A similar pattern was 
not found for the relationship between daily packs of ciga¬ 
rettes smoked during the study year and BHR. 

Multivariate analysis. Results of the logistic regression 
analyses are shown in Table II. Smoke exposure at age 1 
year was a significant predictor of BHR (odds ratio: 2.82; 
95% confidence interval: 1.25 to 6.34), whereas current 
maternal smoking was negatively associated with BHR 
(OR: 0.46: Cl: 0.22 to 0.97). No association between ma¬ 
ternal smoking during pregnancy and 1 BHR could be dem¬ 
onstrated. When paternal smoking during the child's first 
year of life and study year was added to the final model! no 
significant association with BHR was found. Parameter es¬ 
timates for maternal smoking remained virtually un¬ 
changed. 

When the analyses were repeated for subjects with and 
those without asthma separately, smoke exposure at age 1 
year was the predominant predictor for BHR (OR: 20.56; 
Cl: 2.5 to 168.9) in the asthmatic group; current smoking 
was negatively associated with BHR (OR: 0i05: Cl: 0.005 
to 0:61): in children without asthma, the OR for current 
smoke exposure was still less than 1 (OR: 0.77; Cl: 0.34 to 
1.74)iand more than 1 for smoke exposure during the first 
year (OR: 1.77; Cli 0.67 to 4 l61 ). 


DISCUSSION 

The results of many studies convincingly support the hy¬ 
pothesis that passive smoking leads to a decrease in lung 
function and possibly to delayed lung growth in young chil¬ 
dren/ 10 The relationship of smoke exposure to bronchial 
responsiveness, atopy, and the development of asthma is less 
evident, and findings have been inconsistent. 10 Although 
some population-based studies have established a positive 
relationship between smoke exposure and persistent 
wheeze, 21 bronchial hyperresponsiveness, 22 ' 23 or asthma. 12 
others have not. 7 - 24 * 25 

To our knowledge, there are no studies that have exam¬ 
ined the role of active smoking in the devclbpment of BHR 
in young children. Data on active smoking by 7-year-old 
children in Germany are not available, but we believe that 
it is unlikely that active smoking could have influenced our 
fi ndings. 

exposure during pregnancy could be found. Of 258 mothers 
who smoked during pregnancy, only 20 (7.8%) discontinued 
smoking after delivery, whereas 158 (39.9%) of 396 moth¬ 
ers who smoked during the child's first year of life had not 
smoked during pregnancy. Hfcnce our study might have 
lacked the power to measure an independent effect of ma¬ 
ternal smoking during pregnancy. Recently Young et al. 23 
demonstrated increased bronchial responsiveness to hista¬ 
mine in a group of 13 infants aged 41* weeks when parental 
smoking during pregnancy was reported. It has been 
suggested that interference with the immune system is one 
underlying mechanism. 27 Martinez ct al. 22 observed an in¬ 
crease in atopy in boys exposed to parental smoking. Our 
findings concerning the relationship between smoke expo¬ 
sure and BHR cannot be explained by an increase in atopy 
among children exposed to smoke, because atopy was an 
independent predictor of BHR in the regression analyses. 

Theoretically smoke exposure throughout' a child’s life 
(first year and study year) should be most harmful. Inithis 
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report. 
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ren wjoose jnoiJbftrSfhad^ 
fol^j iski^comwcei; 

^tnfiv^cf g The same risk applied to chil¬ 
dren exposed only during the first year compared with chil¬ 
dren never exposed. 

The relationship between smoke exposure and BHR was 
significant only in those with asthma. The power of finding 
a significant relationship for those without asthma might 
have been loo small; however, because the proportion of re¬ 
sponsive subjects without asthma was low (5.5%). 

One possible explanation for the negative association be¬ 
tween smoking during the study year and BHR in children 
with asthma could be a tendency of mothers to quit smok¬ 
ing when the child had respiratory symptoms 
mt rpa 1 Kr BHR. as assessed by exercise 
challenge, is thought to reflect the severity of disease in 
children with asthma. 18 Although smoke exposure during 
Lhe child's first year of life was as common among subjects 
with as among those without asthma, more mothers quit 
smoking between their children's first birthday and the 
study year when asthma was diagnosed, it is alto possible 
that 7-year-old children might be less susceptible 28 to lung 
injuries and might spend less time with their parents. Fur¬ 
thermore. the challenge we used might not have been sen¬ 
sitive enough to detect subtle changes in responsiveness. 
Martinez et al.r : measured bronchial responsiveness by 
means of a carbachol challenge test in 9-year-old school- 
children: current parental smoking was associated with in¬ 
creased responsiveness. However, the observed relationship 
between current smoke exposure and BHR could have been 
due to exposure at an early age, because 7 of 10 children: 
whose mothers smoked regularly throughout pregnancy 
were hyperresponsive. Similar findings to those presented 
here were reported by O'Connor et al., 24 who challenged 
children aged 10 to 12 years by means of eucapnic hyper¬ 
ventilation with subfreezing air. maternal smoking was re¬ 
lated to BHR in children with but not in those without 
asthma. They suggested that passive smoking could inter¬ 
fere with growth of the lungs of children with asthma; the 
history of smoke exposure was not analyzed, and hence ex¬ 
posure at an early age might have been responsible for the 
observed association. Strachan et a!. 7 performed exercise 
challenge tests in 7-year-old children in Great Britain; cur- 
rent smoke exposure was determined by saliva cotininc 
analysis. As in our report, current exposure was not related 
to BHR: exposure to tobacco smoke earlier in life was not 
investigated. 

^This study presents evidence supporting the link between^ 
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the effects of current passive smoking in children, prior ex¬ 
posure to tobacco smoke must be taken into consideration! 
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